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Measurement of Upper Atmospheric Ionization and 
IJinds with a Combined Payload 
INTRODUCTION 
The purpose of this contract is to develop and utilize a combined 
payload consisting of a Langmuir probe for the measurement of upper atmos- 
pheric ionization and a sodium vaporizer or trimethylaluminum 
to furnish a trail from which winds may be determined. 
the experimental and analytical methods employed in the probe measurements 
-__ - e-...," - _  
- u _ _ _ _ _ _  ,%.* l-r-*.--" L. 
Descriptions of 
_ .  " _ - - " - -  c .. " 
are given in rqorts covering Contract N A S T J - ~ ~ ,  EJASw-489 and NASw-500. 
Similar information concerning the sodium vapor method of determiniq winds 
may be found in reports covering Contract NAS5-215 and NASv-396. The 
analytical methods employed to determine winds from a TMA trail are the 
same as for a sodium vapor trail, but the TMA dispenser was designed, tested, 
and constructed in this contract. 
The work statement of this contract contains five tasks. Briefly these 
tasks are as follaas: 
A. Design and construct one each of the following payloads __I_. for .... 
Nike Apache Rockets: 
1. 
2. 
Combined Langmuir Probe - Alkali 
Combined Langmuir Probe - TMA. *p
B. Make necessary preparation for and participate in test launching -*.- I"*- 
of each payload at Wallops Island, 
~ --* ./ .l* --. 
C, Construct eight (8) combined payloads. 
1 
D. Make necessary preparation for and par t ic ipa te  i n  launching of 
these payloads a t  Fort Churchill,  Canada, during two di f fe ren t  f i e ld  t r ips .  
E. Collect, prepare, analyze and study the data. 
Tasks A and B were successfully completed during the period covered 
by t h i s  report. Both of the combined payloads were tes ted a t  GSFC and 
then f lmm successfully from Yallops Island. 
both f i r i n g s  and the measurements of electron dens i t ies  and winds a re  in- 
cluded i n  t h i s  report. 
G o d  data were obtained from 
B ---.--- .*..e 
- I  
PAYLOAD DESIGN 
Several methods of obtaining both the electron density p ro f i l e  with 
the Langoarir probe and the wind prof i le  with a vapor t r a i l  using the sane 
rocket vehicle were consiciered. The most desirable  s i t ua t ion  i s  tha t  both 
height p ro f i l e s  be obtained simultaneously a t  the same posi t ion i n  space. 
Ha~ever ,  a method of obtaining exact simultaneity was not found. This i s  
primarily due t o  the contaminating e f f ec t  of the alkali-vapor. The operation 
ob both the probe and telemetry are seriously compromized by the vapor. 
To avoid t h i s  contamination, the probe must operate a t  e i the r  a time or 
place which is di f fe ren t  from tha t  a t  which the vapor t r a i l  i s  present. 
Various methods of separatinz ei ther  or both of the packages from the vehicle  
were not sa t i s fac tory  due primarily t o  the la rze  impulses required or  t o  
i n s t a b i l i t y ,  or unpredictable a l t i tude  and/or a t t i t ude  of the separated 
packages. The only system which does not require  extensive design, development, 
2 
and t e s t ing  i s  one using the normal rocket t ra jec tory  t o  produce the required 
separation by operating t h e  Langmuir probe on the ascent and releasing the 
a l k a l i  vapor on the descent, This method has other advantages also. Since 
minimum design changes and modification of the  individual payloads were 
required, the proven r e l i a b i l i t y  of these payloads could be retained i n  
the combination. Costs and time of development could a l s o  be minimized. 
The t i m e  and space separation of the measurements may be grea te r  with a 
combined payload than could be achieved by other methods. The e f f ec t  of 
the  t i m e  and space separations of the value of the  data cannot pos i t ive ly  
be determined a t  the present. 
Langmuir Probe Section 
The nose t i p  of the rocket i s  insulated from the  rest of t h e  vehicle 
and i s  programmed with a streep voltage a l te rna t ing  with a fixed voltage. The 
sweep (-2.7 t o  +2.7 vo l t ,  duration 0.5 sec) i s  the conventional Langmuir 
mode and i s  used t o  obtain electron temperature and electron density by 
measuring probe current a s  a function of voltage. 
(+2.7 vo l t ,  duration 1.5 sec) i s  used t o  obtain f ine  s t ruc ture  of the e lec t ron  
density p ro f i l e  and i s  par t icular ly  su i t ed  t o  the observation of Sporadic E 
1 ayer s . 
The fixed voltage mode 
The payload a l s o  contains an aspect magnetometer, which i s  primarily 
used t o  monitor the vehicle motion, and a barostritch which i s  used t o  deter- 
mine rocket t ra jec tory  by a time of f l i g h t  method. 
baroswitch s ignals  are  telemetered on one channel of the FM/FM system and 
The magnetometer and 
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the  probe data on a second channel. 
of the payload i s  independent of t ha t  fo r  the vapor section. 
The power supply for  the probe sect ion 
Alkali-Vapor Section 
* 
The alkali-vapor payload has been completely described elsewbere. Only 
the major modifications T r i l l  be included here. 
shortened and made a l i t t l e  l i g h t e r  by re locat ing components and deck plates.  
The completely i so la ted  dual igni t ion system was retained. This system 
u t i l i z e s  two mechanical timers, two bat te ry  packs and -70 ign i te rs .  
The instrumentation rack vas  
The 
timers had previously been s ta r ted  a t  take-of€ by a bui l t - in  i n e r t i a  switch. 
The longer t i m e  t o  vapor e j ec t ion  on the  dotm t r a i l  required t h e  use of an 
explosive stritch s t a r t  on the  t i m e r .  
t imers a f t e r  take-off with an aneroid switch. 
i n  the alkali-vapor payload 178s the re loca t ion  of the arming plugs. 
plugs were or ig ina l ly  located on the fonrard end of the instrumentation 
rack and the vaporizer was armed by removing the nose cone. 
payload, the probe instrumentation rack was mounted t o  t h e  forward end of 
the vapor rack and, thus, arming a t  t ha t  point was inconvenient. 
Provisions were made t o  s t a r t  the 
The only other  major change 
These 
I n  the combined 
The arming 
plugs were moved t o  the s ide of the rack and a re  accessable through a re- 
movable door i n  the skin. 
* 
Contract No. NAS5-215, GCA Technical Report No. 62-13-N. 
Contract No. NASv-336, GC.!!. Technical Report No. 53-16-N. 
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"A Section 
The method of dispensing TMA i s  an en t i r e ly  ne~7 design, The basic  
fea tures  of the design a re  as f o l l o ~ ~ s :  
(1) The TMA dispenser attaches t o  the same instrumentation rack a s  
alkali-vapor canis ter ,  
(2) The "MA canis ter  i s  f i l l e d  a t  the manufacturer's plant  and shipped 
t o  the launch s i t e  i n  the  f l i gh t  container. 
(3) The r a t e  of eject ion of "MA may be controlled, 
Basically the operation of the "4 dispenser i s  simple. The TMA i s  
contained i n  a specially designed f lexible  te f lon  bladder which i s  careful ly  
mounted i n  an in t e rna l ly  f i t t e d  aluminum canister.  The bladder has an e x i t  
port  through a valve system and the canis te r  i s  a l so  f i t t e d  with a port  and 
valve. When the valves t o  the bladder and canis te r  are  both opened and 
dry nitrogen under pressure i s  forced in to  the canis ter ,  the bladder i s  
compressed, forcing the TMA out of the bladder valve. 
valves a re  operated by e lec t r ica l ly  i n i t i a t e d  controlled explosives, 
i n i t i a t i o n  c i r c u i t s  and safety monitors a r e  very similar t o  those for  
a l k a l i  metal vaporizer. 
During f l i g h t ,  these 
The 
the 
The r a t e  of e jec t ion  of the  TMA i s  controlled by the s ize  of the e x i t  
I n  ground tests, the time required t o  uniformly empty the bladder port ,  
t7as controlled over t h e  range 60 to  240 seconds. 
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Two prototype combined payloads have been constructed. The probe- 
a l k a l i  payload velghs 86 l b  and i s  69 inches in l e q t h .  
payload weighs 69.5 l b  and i s  73 inches long. 
have been subjected t o  environmental tests a t  GSFC and performed sa t i s -  
f a c t o r i l y  i n  test f l i g h t s  from IJallops Island. The r e s u l t s  of the test 
f l i g h t s  a r e  given i n  t h e  following section of t h i s  report ,  
The probe-TM4 
Both of these payloads 
ROCKET FIRINGS AND RESULTS 
Follm7ing the accelerated development program the f i r s t  t e s t  f l i g h t s  
were scheduled fo r  30 September and 1 October 1964 a t  IJallops Island btit 
were delayed due t o  poor weather conditions. 
of a Laagnmrir probe and T&IA dispenser vas eventually f i r ed  during the 
evening twi l igh t  of 7 October 1964 as Nike Apache 14.195. A l l  instrumen- 
t a t i o n  performed a s  programmed and t h e  rocket reached a peak a l t i t u d e  of 
172 km. A record of t h e  e lectron density vas obtained by the probe Over 
t h e  range 76 kn t o  172 km and i s  shmm i n  Figure 1. Winds were obtained 
from t h e  vapor t r a i l  over the range 90 Im t o  157 Ian and a r e  shown i n  
Figures 2a and 2b. 
TLie combined payload consis t ing 
The combined L a w u i r  probe and Alkali-Vapor payload was f i r e d  from 
Vallops Island during the morning twil ight  of 8 October 1964 a s  Nike Apache 
14.194, Again a l l  instrumentation operated properly and the  rocket reached 
a peak a l t i t u d e  of 160 lcm. Electron density was observed over the  range 
7G lcm t o  157 Ian and i s  shmm i n  Figure 3. 
t o  160 Ian and are  sham i n  Figures 4a and 4b. 
Winds were obtained from 84 km 
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No detailed study of the data has  yet  been made. Hovever, some 
preliminary observations nay be made. 
temporary loss of the telemetry signel a s  Tias expected. 
did not  a f f ec t  the qual i ty  of tile telemetry signal but d i d  cause sone dis- 
turbance of the  probe current. 
on both the up and dam portion of the t ra jec tory  and measurements of elec- 
t ron density vere = l e  i n  exactly the smne place as the winds were neasuted. 
Although the i isturbance on the dmm leg i.ieasurements obscures detai led 
s t ructure ,  major var ia t ions fro= the up l e& neasurenents a re  eas i ly  detected. 
The most outstandinz feature  
layer of great ly  enhanced ionization a t  113 ?mn during the evening of 7 October 
1964. 
The e jec t ion  of sodium vapor caused 
The TE54 re lease 
Hovever, the probe data could be compared 
OF both of t h e  ionizat ion p ro f i l e s  i s  the 
A photograph of the TIdA t r a i l  is sho:m i n  Figure 5. It i s  in te res t ing  
to  note t h a t  the t r a i l  i s  more narrow than a corresponding alkali-vapor 
t r a i l  due t o  the slower dizfuslon 05 the heavier vapor. The upper pa r t  of 
the t r a i l  had a blue-green color, vhich probebly ~7as due t o  resonance sca t -  
t e r ing  i n  aluminum oxide bands. 
vere made by W. Fas t ie  a t  John Hopkins University, but the r e s u l t s  a re  not 
Imam. 
appeared -zhite t o  the eye. The rec?son ?or t h i s  i s  not understooti a t  present, 
but i t  may be related t o  the nizhttime enission f r m  TMA vliich i s  reported t o  
be a continuum. 
be made of future  ! J M  t r a i l s .  
Some spec t ra l  observatiomoof t h e  t r a i l  
The lover portion of the t r a i l  siarecl an increase brizhtness and 
It i s  desirable that more complete spectral  observations 
13 
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PROJECT STATUS 
Concurrently v i t h  the 3 n a l  par t  of the tievelopment phase plans tiere 
made f o r  the f i r s t  f i e l d  t r i p  t o  Fort Churchill,  lvlanftoba. 
t o  launch four combined payloads i n  one n ish t ,  s t a r t€=  a t  evening b7i l ight  
aith a sodium-probe payload, fOll0~7ed by another sodium-probe payload four 
houys l a t e r .  
TMA-probe a t  morning tv i l i gh t .  The f i r s t  cttempt vas scheduled for the 
n izh t  of 28-29 October 1964 but no rockets vere  launched due t o  extensive 
cloud cover. Due t o  continuing poor weather, t h i s  f i e l d  t r i p  17as terminated 
on 15 November 1964, only one rocket of the series (Nike Apache 14.197) 
having been launched. This f l i g h t  was successful and sill be described 
i n  the next quarter ly  report. 
launches i n  one night  i n  February or March of 1965. 
It was plannec‘ 
Then a “Lprobe  payload a f t e r  midnight t o  be followed byasecond 
It is planned t o  again attempt the four 
The personnel engaged on t h e  project  and t h e i r  hours €or the reporting 
period (24 July 1964 - 31 October l?54) a re  given below: 
L. G. Smith Project Hanager 241 hours 
J. F. Bedinzer Pr o j  e c t Nana ger 130 hours 
N. J. Guarino Project  Engineer 85 hours 
P. J. McKinnon Engineer 379 hours 
C. G. Arouchon Engineer 158 hours 
S. A. Sapuppo Engineer 241 hours 
A. Corman Engineer 459 hours 
T. Trovato Engineer 323 hours 
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fJ. Aman Engineer 
W. Burke Engineer 
E, Yavner Engineer 
J e  C ~ O S  Engineer 
B, Mipzner Scientist 
Camera operators, and Technicians 
Machinists 
Draft in2 
Clerical 
15 
433 hours 
356 hours 
28 hours 
264 hours 
162 hours 
3,446 hours 
804 hours 
7 51 hours 
110 hours 
